Atrial function is an important component in overall cardiovascular performance. However, information on atrial function in dilated cardiomyopathy is limited. This study aimed to assess atrial function in dilated cardiomyopathy and to investigate if parameters of atrial function are more impaired in Chagas dilated cardiomyopathy (CDC) than in idiopathic dilated cardiomyopathy (IDC).
Introduction
Atrial function can be primarily or secondarily affected in cardiac diseases. Although there are several methods to assess ventricular function, quantitative evaluation of atrial function remains limited. Non-invasive study of left atrial (LA) function has been attempted using Doppler echocardiography, scintigraphic methods, computed tomography and magnetic resonance. Two-dimensional echocardiography and Doppler are the most practical methods to analyse the LA in routine clinical practice. 1 -5 In a previous study, our group has shown that LA volume is an independent predictor of mortality in Chagas cardiomyopathy. 6 However, atrial mechanical function cannot be assessed directly by conventional Doppler echocardiography, since transmitral Doppler velocity is more dependent on the atrioventricular pressure gradient than on the intrinsic atrial contractility. Recently, tissue Doppler imaging (TDI), Doppler-based strain rate (SR), and its integral strain, have been employed as efficient tools to evaluate atrial function. 1 -5 Left ventricular (LV) fibrosis seems to be more prevalent in Chagas dilated cardiomyopathy (CDC) than in other forms of non-ischaemic dilated cardiomyopathies. 7 -9 However, atrial fibrosis and its consequence in atrial function has not been established in CDC. Atrial fibrosis has been described in dilated cardiomyopathy 10, 11 but information on atrial myopathy in dilated cardiomyopathy is limited because methods for non-invasive analysis of the atrial function have only now been introduced. LA dysfunction in dilated cardiomyopathy may be related not only to abnormal LV filling pressures, but also to intrinsic atrial involvement in the myopathic process.
Since fibrosis can interfere with atrial function and Chagas disease has been described as a dilated cardiomyopathy where fibrotic changes are common, the present study aimed to assess atrial function by TDI, strain and strain rate, and to investigate if these parameters are more impaired in CDC than in idiopathic dilated cardiomyopathy (IDC).
Methods

Study group
Seventy-two patients from a tertiary centre for treatment of dilated cardiomyopathy were consecutively selected and compared with 32 healthy controls. The study protocol was approved by the institutional ethic committee and all enrolled patients gave an informed written consent to participate.
Inclusion criteria were the diagnosis of dilated cardiomyopathy characterized by LV diastolic diameter/body surface area .31 mm/m 2 and LV ejection fraction (EF) ,55%.
12 Patients were grouped into two categories according to the underlying cause of cardiomyopathy: (i) CDC, characterized by dilated cardiomyopathy secondary to Chagas disease confirmed by at least two positive serologic tests for antibodies against Trypanosoma cruzi; (ii) IDC, defined by the presence of LV dilatation and LV systolic dysfunction in the absence of significant coronary artery disease or other specific valvar or muscle heart diseases. Patients who had other associated heart diseases, including atrial fibrillation or pacemakers, were excluded. All patients were on optimized treatment for heart failure, according to current practice.
Conventional Doppler echocardiogram
A comprehensive Doppler echocardiogram, with TDI and Dopplerbased strain and strain rate measurements, was performed using commercially available equipment (Vivid 7; GE Vingmed Ultrasound AS, Horten, Norway) with an electronic high-resolution multifrequency transducer. Measurements were performed by one experienced cardiologist who was blinded to other data from the patients. LV measurements were obtained according to the European Association of Echocardiography and the American Society of Echocardiography standards, and LVEF was calculated by the Simpson's method. 13 Left atrial volume (LAV) was assessed by the biplane area-length method from apical four-and two-chamber views and indexed to body surface area. 14 In all patients in whom an adequate tricuspid regurgitation spectral Doppler profile could be obtained, pulmonary artery pressure was estimated as previously described. 15 Diastolic function was assessed by pulsed Doppler of the mitral inflow: E, A and the deceleration time of the mitral inflow (DT) were measured. TDI measurements (systolic velocity -S, early -e ′ and late -A ′ diastolic velocities) were obtained at the medial and lateral border of the mitral annulus in the apical four-chamber view. The ratio of the mitral E velocity to the mean e' was calculated (E/e ′ ). 16 
TDI of the atria
Atrial peak velocities in systole (Sat), and early (E ′ at) and late (A ′ at) velocities in diastole were measured using pulsed wave Doppler tissue imaging. The pulsed wave Doppler sample volume (size of 4 mm) was placed on the mid-segment of the interatrial septum in the apical four-chamber view and in the mid-segment of the right atrial (RA) free wall. An average of three beats was measured. Special attention was paid to align the Doppler beam as parallel to the interatrial septum as possible. 3 Atrial strain and strain rate Doppler-based atrial strain and strain rate were obtained from the apical views for the medial segment of the interatrial septum ( Figure 1 ), inferior wall of the LA and the RA-free wall during the reservoir phase (during ventricular systole, the atria function as reservoirs to store blood when the atrioventricular valves are closed). Images were obtained using a narrow sector (frame rate .110 fps), and attempts were made to align the Doppler beam as parallel as possible to the atrial wall. The recorded wall was positioned at the centre of the sector to minimize the interference of any angle between the longitudinal motion and the interrogating beam. Since the atrial wall is very thin, a narrow sample volume (10 × 2 mm) was used. The interatrial septum and the inferior wall were chosen based on data presented by Thomas et al., 4 who demonstrated that a better alignment was obtained on these walls. Peak positive systolic strain curves for both atria were measured in the middle segment of all three atrial walls. 17 Strain rate measurements were obtained during systole (S-aSR) and during early (E-aSR) and late (A-aSR) diastoles. An average from three consecutive beats was obtained.
Statistical analysis
Categorical data were presented as numbers and percentages, and continuous data were expressed as means + SD. Clinical and echocardiographic variables of patients with CDC and IDC were compared using x 2 test, unpaired Student's t-test or Mann-Whitney test, as appropriate. Atrial strain and SR in patients with dilated cardiomyopathies and healthy controls were compared by Kruskal -Wallis or one-way ANOVA, as appropriate, followed by Bonferroni correction. A value of P , 0.05 was considered significant. SPSS version 17 (SPSS, Inc. Chicago, IL, USA) was used for all analyses. 
Results
Thirty-six patients with CDC (22 males; mean age, 42 + 11 years) and 36 with IDC (20 males; mean age, 44 + 10 years) were enrolled. Patients from both groups were compared with 32 healthy individuals.
Clinical data and conventional Doppler echocardiographic parameters comparing the two groups of patients with dilated cardiomyopathy are presented in Tables 1 and 2 , respectively. There was substantial homogeneity between the groups with regard to age, gender, and functional class. Most patients were clinically stable, in NYHA functional classes I and II.
Chagas patients had lower heart rate. Amiodarone was more used by CDC patients, while b-blockers was more used by the IDC group.
Doppler echocardiographic parameters of systolic function were similar between the two groups with dilated cardiomyopathy, with similar LV diameters indexed to body surface area and EF (P ¼ 0.714 and 0.098, respectively).
Echocardiographic LV filling pressure parameters were similar between the groups, although deceleration time was significantly shorter in the IDC group. Although moderate-to-severe mitral regurgitation was more frequent in the IDC group, LA volume was similar between the two groups.
Atrial myocardial deformation indices for both RA and LA are described in Table 3 . When these indices in CDC and IDC were compared with healthy individuals (CG), they were found to be significantly lower in patients with dilated cardiomyopathy than in control patients, indicating atrial dysfunction in both forms of cardiomyopathies. However, when these indices were compared between CDC and IDC patients, there was no difference.
Discussion
The present study demonstrated that patients with dilated cardiomyopathy had decreased atrial function when compared with healthy controls. However, atrial involvement in CDC was not more significant than in IDC, when LA and RA were analysed by atrial TDI, strain and strain rate.
Non-invasive analysis of the atrial function
Strain and strain rate imaging of LV myocardium have been reported both in normal and in diseased patients. However, there are few data on strain and strain rate imaging of the atria. LA function is an important component in overall cardiovascular performance, not only because of its contractile function during ventricular diastole, but also because of its function as a reservoir and as a conduit. However, a major limitation in analysing atrial involvement has been the lack of gold standard for the measurement of LA function. Recently, with the advent of new techniques, such as TDI, strain rate and strain, and the establishment of normal values for the LA wall, 18 these new tools have been utilized to analyse atrial function.
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Since peak values of SR and strain during the late reservoir period occur during LV ejection, the influence of ventricular systole in this reservoir phase can be inferred. During the conduit period, LA volume flows to the LV and the LA is refilled by the pulmonary veins. This causes the LA to decrease in the early conduit phase, which happens after LA stretching during the preceding reservoir phase. Thus, LA expansion during the reservoir phase may be an important factor for maintaining adequate LV filling. 18 If peak atrial strain and SR provide an estimation of the reservoir function of the LA, their measurement can provide insights on atrial function and on the haemodynamic repercussion of the LV function on the LA. The same rationale can be applied to the RA. In fact, some papers have recently come out analysing atrial function in several conditions. 19, 20 Moustafa et al. 19 have
shown reduced LA strain in moderate-and-severe mitral regurgitation, even in the presence of normal systolic function, emphasizing early atrial dysfunction in this group of patients.
Atrial involvement in dilated cardiomyopathy
Ventricular function does not seem to be the only factor influencing atrial function, and intrinsic atrial characteristics, such as atrial myopathy and fibrosis, might also play a role. In favour of this hypothesis, decreased LA contractility has been shown to be greater in dilated cardiomyopathy than in aortic valvar disease with similar loading conditions. 10 Ohtani et al., 11 comparing dilated cardiomyopathy with LV dysfunction secondary to myocardial infarct, showed that atrial fibrosis was more extensive in patients with dilated cardiomyopathy. The possibility of ischaemia as a possible mechanism involved in atrial function is controversial. Atrial chambers are low-pressure reservoirs. Thus, some advocate that they are not susceptible to ischaemia. 11 In fact, atrial infarct is extremely rare. 21 However, the role of ischaemia in atrial function is still controversial and LA mechanical dysfunction has been shown in ischaemia. 1, 22 LA myopathy may contribute to a decrease in LA function in dilated cardiomyopathies. In these entities, LA myopathy may precede LV myopathy and evaluation of LA function in dilated cardiomyopathy may contribute to earlier detection of the disease and better stratification of patients. Thus, LA function may be a prognostic factor in dilated cardiomyopathy 10 and in Chagas disease. 6 Indeed, LA systolic function has been shown to be predictive of exercise tolerance in heart failure. 23 Although fibrosis has been suggested as a prominent finding in CDC, 9 evidence of atrial fibrosis is still lacking and its possible repercussion in atrial function has not been evaluated. In Chagas disease, although the histological characteristics of the left atrium have not been well defined, it can be inferred that they may be similar to those observed in the LV. Severe myocardial inflammation and fibrosis can involve the atrial myocardium in different clinical stages of the disease, similar to patients with dilated cardiomyopathy. 10 Therefore, atrial myopathy could lead to atrial dysfunction independent of the haemodynamic load. In addition, the accumulation of interstitial collagen fibres in chronic myocarditis of Chagas disease may be expected to decrease myocardial compliance, which leads to an increase in LA pressure. 7, 9 In a previous study from our group, BNP levels in patients with Chagas disease correlated with LAV, but not with other echocardiographic indices of diastolic dysfunction. 24 The main differential diagnosis of CDC is idiopathic cardiomyopathy. 12 Although fibrosis is thought to be common in Chagas car- study showed no difference in the amount of myocardial fibrosis between patients with Chagas and IDC. 25 Perhaps the persistence of the activity of myocarditis, somehow contributes to an accelerated progression of the disease in Chagas cardiomyopathy patients. 25, 26 Indeed, myocardial fibrosis has been shown to correlate inversely with LVEF and clinical status. 9 Increased LA volume is a consequence of chronic abnormalities in LV filling pressures. However, studies analysing LA volumes have not evaluated atrial function itself. It may be that instantaneous analysis of the atrial contractility and filling properties by TDI, SR and strain imaging will provide some insights into a better understanding of the role of atrial function in dilated cardiomyopathy. However, in the present study, when patients with CDC and IDC with similar degrees of ventricular dysfunction were compared using these parameters, atrial dysfunction was not more prevalent in CDC patients.
Conclusion
This study demonstrated that atrial myocardial deformation properties were abnormal in patients with dilated cardiomyopathy, regardless of the aetiology. Atrial function in Chagas disease does not seem to be more impaired than in IDC with similar degree of LV dysfunction, when new atrial deformation parameters are used.
